5.4 The chi-squared test

You may be interested in finding out whether or not certain
sets of data are independent. Suppose you collect data on the
favorite color of T-shirt for men and women. You may want
to find out whether color and gender are independent or not.
One way to do this is to perform a chi-squared test (y?) for
ndependence.

To perform a chi-squared test (¥°) there are four main steps.
step 1: Write the null (H,) and alternative (H,) hypotheses.

H, states that the data sets are independent.
H, states that the data sets are not independent.

For example, the hypotheses for color of T-shirt and gender could be:

H,: Color of T-shirt is independent of gender.
H,: Color of T-shirt is not independent of gender.

Step 2: Calculate the c}ji-squared test statistic.

I .
When two variables

are independent,
oredeEs not affect
the other. Here,
you are finding out
whether a person’s
gender influences
their colour choice.
You will learn more
about mathematical
independence in
Chapter 8.

Fitstly, you may need to put the data into a contingency table,
which shows the frequencies of two variables. The elements in the
table are the observed data. The elements should be frequencies

(not percentages).

For the example above, the contingency table could be:

Black | White |- Red Blue Totals
Male 48 12 33 57 150
Female 35 46 42 27 150
Totals 83 58 75 84 300

If you are given the contingency table, you may need to extend it to

include an extra row and column for the ‘Totals’.

From the observed data, you can calculate the expected
frequencies. Since you are testing for independence, you can
use the formula for the probability of independent events to
calculate the expécted values. So: .

The expected number of men who like black T-shirts is
150 83

The main entries in
this table form a

2 x 4 matrix {array
of numbers) - do not
include the row and
column for the totals.

In examinations, the
|largest-eentingeney -
table will be a 4 x 4.,

x — % 300 = 41.5.
300 300
The expected number of men who like white T-shirtsis [\ o .
150 % 8 x 300 = 29 and so on. ® The expected values can hever
300 300 be less than 1.
The expected table of values would then look like this: ® The expected vailes must be 5 or
E Black | White | Red Blue | Totals h|gh§r. )
= 12 150 ® |f there dfe entries between 1
Male 41.5 29 37 and 5, you can combine fable
Female | 41.5 29 37.5 42 150 rows of columns.
[Totals | 83 | 58 | 75 | 84 | 300 |




For calculations by hand, you need the expected frequencies
to find the »? value.

For our example,
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Using your GDC to find the y* value, enter the contingency table
as a matrix (array) and then use the matrix with the ¥% 2-way test.
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From the screenshot, you can see that x> _= 33.8 (to 3 sf).
This confirms our earlier hand calculation.

Step 3: Calculate the critical value. -

First note the level of significance. This is given in examination
questions but you have to decide which level to use
in your project. The most common levels are 1%, 5% and 10%.

Now you need to calculate the number of degrees of freedom.

(Your GDC calculates
the expected values

far you but you must
knaw how to find them
by hand in case yau .
are asked to show one |
or twa calculations in

an exam question. To

see the matrix for the
expected values, type
‘stat’ and then select |
‘expmatrix’ from the
menu that pops up.

GDC help oa CD; Afternativ
demonsirations for the THE
Plus and Casio FX-986
D05 are on the CD.

(

So, in our ongoing example, the number of degrees of freedom is
2-1)x@-1)=3



The level of significance and degrees of freedom canbeused . .
to find the eritical value, IHowever, in examinations, the critical
value will always be given.

For our example, at the 1% level, the critical value is 11.345.
At the 5% level, the critical value is 7.815. At the 10% level,
the critical value is 6.251.

step 4: Compare 32 against the critical value.

= If . ' is less than the critical value then do not reject the
nufl hypothes1s o
If %*_.is more than the crltlcal value then reject the null

hypothesm

In our example, at the 5% level, 33.8 > 7.815. Therefore, we reject
the null hypothesis that T-shirt color 1s independent of gender.

Using a GDC, you can compare the p-value against the significance
level.

- If the p-value is less than the significance level then reject the
null hypothesis.
If the p-value is more than the significance level then do not
reject the null hypothesis.

Use the significance level as a decimal, so 1% = 0.01, 5% = 0.05 and
10% = 0.1.

So, for our example, p-value = 0.0000002 (see the GIDC screenshot
on page 234).

0.0000002 < 0.05, so we reject the nuil hypothesis.

= To pérform a y° test:
1 Write the null (H ) and alternative (H ) hypotheses
2 Calculate X -
a usmg your GDC (exammatlons)
‘b “using the x formula (project Work)
3 Determme o
a the r “value by using your GDC
b the cntlcal value (gwen in examinations)
4 Compare
. a the p—value agamst the mgmﬁcance fevel

b y*_,. against the critical value

f The pvalue is the
| probability value. It

|

|

is the probability of
evidence against the

i null hypothesis.

!
[
i




EXample 13

One hundred people were interviewed outside a chocolate shop to find out which flavor of
chocolate cream they preferred. The results are given in the table, classified by gender.

Strawberry | Coffee | Orange | Vanilla | Totals
Male 23 18 8 8 57
Female 15 6 12 10 43
Totals 38 24 20 18 100

Perform a x* test, at the 5% significance level, to determine whether the flavor of chocolate cream
1s mdependent of gender, -

a State the null hypothesis and the alternative hypothesis.

b Show that the expected frequency for female and strawberry flavor is approximately 16.3.

¢ Write down the number of degrees of freedom.

d Write down the y*__value for this data.

The critical value is 7.815.
e Using the critical value or the p-value, comment on your result.

Answers
a H,: Flavor of chocolate cream is Write H, using ‘independent of”.
independent of gender. Write H | using ‘not independent of”,

H_: Flavor of chocolate cream is not
independent of gender.

b 4 x 22 x 100 =16.34 From the contingency table:
100 100 Total for female’ row = 43
So, the expected frequency for female and Total for ‘srawberry’ colummn = 38
strawberry flavor is approximately 16.3. Total surveved = 100
¢ Degrees of freedom=(2-1)4~-1)=3 Degrees of freedom = (number of rows — I) (number of
columns ~ [)
Here, there are 2 rows and 4 columns in the observed
d x =688 matrix of the contingency table.

Using your GDC:

Enter the contingency table as a matrix, Use the
mairix with y* 2-way test. Read off 3 value.
The p-value = 0.0758.

e 6.88 <7.815; therefore, we do not reject the | Using the given critical vakue, check:
null hypothesis. There is enough evidence X e < critical value — do not reject, or
to conclude that flavor of chocolate cream | X2, > critical value — reject.

is independent of gender. Or, using the p-value, check:

p-value < significance level — reject, or

p-value > significance level — do not refect.
Sigrificance level = 5% = 0.05. So, 0.0758 > 0.05
and we do not reject the null hypothesis,




